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(57) ABSTRACT 

Structures and formation methods of a semiconductor device 
are provided. The semiconductor device structure includes a 
semiconductor Substrate and a fin structure over the semicon 
ductor substrate. The semiconductor device structure also 
includes a gate stack coveringaportion of the fin structure and 
a source/drain structure over the fin structure and adjacent to 
the gate stack. The semiconductor device structure further 
includes an isolation layer between the source? drainstructure 
and the semiconductor Substrate. 

20 Claims, 16 Drawing Sheets 
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STRUCTURE AND FORMATION METHOD 
OF FINFET DEVICE 

BACKGROUND 

The semiconductor integrated circuit (IC) industry has 
experienced rapid growth. Continuing advances in semicon 
ductor manufacturing processes have resulted in semicon 
ductor devices with finer features and/or higher degrees of 
integration. Functional density (i.e., the number of intercon 
nected devices per chip area) has generally increased while 
feature size (i.e., the Smallest component that can be created 
using a fabrication process) has decreased. The Scaling-down 
process generally provides benefits by increasing production 
efficiency and lowering associated costs. 

Despite groundbreaking advances in materials and fabri 
cation, Scaling planar devices such as a metal-oxide-semicon 
ductor field effect transistor (MOSFET) device has proven 
challenging. To overcome these challenges, circuit designers 
look to novel structures to deliver improved performance, 
which has resulted in the development of three-dimensional 
designs, such as fin-like field effect transistors (FinFETs). 
The FinFET is fabricated with a thin vertical “fin” (or fin 
structure) extending up from a Substrate. The channel of the 
FinFET is formed in this vertical fin. A gate is provided over 
the fin to allow the gate to control the channel from multiple 
sides. Advantages of the FinFET may include a reduction of 
the short channel effect, reduced leakage, and higher current 
flow. 

However, since feature sizes continue to decrease, fabrica 
tion processes continue to become more difficult to perform. 
Therefore, it is a challenge to form a reliable semiconductor 
device including the FinFET. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom 
panying figures. It should be noted that, in accordance with 
the standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various features 
may be arbitrarily increased or reduced for clarity of discus 
Sion. 

FIGS. 1-6 are perspective views of various stages of a 
process for forming a semiconductor device structure, in 
accordance with Some embodiments. 

FIG. 7A is a perspective view of a stage of a process for 
forming a semiconductor device structure, in accordance with 
Some embodiments. 

FIG. 7B is a cross-sectional view of a portion of the struc 
ture shown in FIG. 7A, in accordance with some embodi 
mentS. 

FIG. 8A is a perspective view of a stage of a process for 
forming a semiconductor device structure, in accordance with 
Some embodiments. 
FIG.8B is a cross-sectional view of a portion of the struc 

ture shown in FIG. 8A, in accordance with some embodi 
mentS. 

FIG. 9A is a perspective view of a stage of a process for 
forming a semiconductor device structure, in accordance with 
Some embodiments. 
FIG.9B is a cross-sectional view of a portion of the struc 

ture shown in FIG. 9A, in accordance with some embodi 
mentS. 

FIGS. 10A-10B are perspective views of various stages of 
a process for forming a semiconductor device structure, in 
accordance with Some embodiments. 
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2 
FIGS. 11A-11C are cross-sectional views of semiconduc 

tor device structures, in accordance with some embodiments. 
FIGS. 12A-12E are cross-sectional views of isolation lay 

ers of semiconductor device structures, in accordance with 
Some embodiments. 

FIGS. 13 A-13B are cross-sectional views of various stages 
of a process for forming a semiconductor device structure, in 
accordance with some embodiments. 

FIGS. 14A-14Care cross-sectional views of various stages 
of a process for forming a semiconductor device structure, in 
accordance with some embodiments. 

FIGS. 15A-15C are cross-sectional views of various stages 
of a process for forming a semiconductor device structure, in 
accordance with some embodiments. 

FIG.16 is a cross-sectional view of a semiconductor device 
structure, in accordance with Some embodiments. 

DETAILED DESCRIPTION 

The following disclosure provides many different embodi 
ments, or examples, for implementing different features of 
the provided Subject matter. Specific examples of compo 
nents and arrangements are described below to simplify the 
present disclosure. These are, of course, merely examples and 
are not intended to be limiting. For example, the formation of 
a first feature over or on a second feature in the description 
that follows may include embodiments in which the first and 
second features are formed in direct contact, and may also 
include embodiments in which additional features may be 
formed between the first and second features, such that the 
first and second features may not be in direct contact. In 
addition, the present disclosure may repeat reference numer 
als and/or letters in the various examples. This repetition is for 
the purpose of simplicity and clarity and does not in itself 
dictate a relationship between the various embodiments and/ 
or configurations discussed. 

Further, spatially relative terms, such as “beneath.” 
“below,” “lower,” “above,” “upper” and the like, may be used 
herein for ease of description to describe one element or 
feature's relationship to another element(s) or feature(s) as 
illustrated in the figures. The spatially relative terms are 
intended to encompass different orientations of the device in 
use or operation in addition to the orientation depicted in the 
figures. The apparatus may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein may likewise be interpreted accord 
ingly. 
Some embodiments of the disclosure are described. FIGS. 

1-6 are perspective views of various stages of a process for 
forming a semiconductor device structure, in accordance with 
Some embodiments. Additional operations can be provided 
before, during, and/or after the stages described in FIGS. 1-6. 
FIGS. 7A, 8A, and 9A are perspective views of various stages 
of a process for forming a semiconductor device structure. 
FIGS. 7B, 8B, and 9B are cross-sectional views each respec 
tively showing a portion of the structures shown in FIGS. 7A, 
8A, and 9A, in accordance with some embodiments. Some of 
the stages described can be replaced or eliminated for differ 
ent embodiments. Additional features can be added in the 
semiconductor device. Some of the features described below 
can be replaced or eliminated for different embodiments. 
As shown in FIG. 1A, multiple recesses 101 (or trenches) 

are formed in a semiconductor substrate 100 to form multiple 
fin structures 104 between the recesses 101, in accordance 
with some embodiments. In some embodiments, one or more 
photolithography and etching processes are used to form the 
recesses 101. In some embodiments, the semiconductor Sub 
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strate 100 is a bulk semiconductor substrate. The bulk semi 
conductor Substrate may be a semiconductor wafer Such as a 
silicon wafer. In these cases, the fin structures 104 are silicon 
fin structures. In some embodiments, the semiconductor Sub 
strate 100 includes an elementary semiconductor material 
Such as silicon or other elementary semiconductor materials 
Such as germanium. In some other embodiments, the semi 
conductor Substrate 100 includes a compound semiconduc 
tor. The compound semiconductor may include silicon car 
bide, gallium arsenide, indium arsenide, indium phosphide, 
another suitable compound semiconductor, or a combination 
thereof. 

In some embodiments, the semiconductor substrate 100 is 
a semiconductor-on-insulator (SOI) substrate. The SOI sub 
strate may be fabricated by using a separation by implantation 
of oxygen (SIMOX) process, a wafer bonding process, 
another applicable method, or a combination thereof. 
As shown in FIG.2, isolation features 102 are formed in the 

recesses 101 to surround the fin structures 104, in accordance 
with some embodiments. The isolation features 102 are used 
to define and electrically isolate various device elements 
formed in and/or over the semiconductor substrate 100. In 
some embodiments, the isolation features 102 include shal 
low trench isolation (STI) features, local oxidation of silicon 
(LOCOS) features, other suitable isolation features, or a com 
bination thereof. 

In some embodiments, each of the isolation features 102 
has a multi-layer structure. In some embodiments, the isola 
tion features 102 are made of a dielectric material. The dielec 
tric material may include silicon oxide, silicon nitride, silicon 
oxynitride, fluoride-doped silicate glass (FSG), low-K dielec 
tric material, other Suitable materials, or a combination 
thereof. In some embodiments, an STI liner (not shown) is 
formed to reduce crystalline defects at the interface between 
the semiconductor substrate 100 and the isolation features 
102. 

In some embodiments, a dielectric material layer is depos 
ited over the semiconductor substrate 100. The dielectric 
material layer covers the fin structures 104 and fills the 
recesses 101. In some embodiments, the dielectric material 
layer is deposited using a chemical vapor deposition (CVD) 
process, a spin-on process, another applicable process, or a 
combination thereof. In some embodiments, a planarization 
process is performed to thin down the dielectric material layer 
until the fin structures 104 are exposed. The planarization 
process may include a chemical mechanical polishing (CMP) 
process, a grinding process, an etching process, another appli 
cable process, or a combination thereof. 
As shown in FIGS. 3 and 4, upper portions of the fin 

structure 104 are replaced with other fin structures 108, in 
accordance with some embodiments. As shown in FIG.3, the 
upper portions of the fin structures 104 are removed to form 
recesses 106 (or trenches) between the isolation features 102. 
An etching process may be used to partially remove the fin 
structures 104 and form the recesses 106. 

Afterwards, the fin structures 108 are formed over the fin 
structures 104 to fill the recesses 106, as shown in FIG. 4. In 
some embodiments, the fin structures 108 are made of a 
semiconductor material that is different from that of the fin 
structures 104. In some embodiments, the fin structures 108 
are germanium-containing fin structures. In some embodi 
ments, the fin structures 104 are made of silicon. The fin 
structures 108 may be made of silicon germanium (SiGe), 
germanium (Ge), another Suitable semiconductor material, or 
a combination thereof. The fin structures 108 may be used to 
provide high mobility channel regions. 
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4 
In some embodiments, the finstructures 108 are epitaxially 

grown fin structures. The fin structures 108 may be formed 
using a selective epitaxy growth (SEG) process, a CVD pro 
cess (e.g., a vapor-phase epitaxy (VPE) process, a low pres 
sure chemical vapor deposition (LPCVD) process, and/or an 
ultra-high vacuum CVD (UHV-CVD) process), a molecular 
beam epitaxy process, another applicable process, or a com 
bination thereof. In some embodiments, a semiconductor 
material is grown in the recesses 106 to a level that is sub 
stantially as high as the top Surfaces of the isolation features 
102. As a result, the semiconductor material forms the fin 
structures 108. In some other embodiments, the semiconduc 
tor material is grown to overfill the recesses 106. Afterwards, 
a planarization process (Such as a CMP process) is performed 
to remove the portion of the semiconductor material outside 
of the recesses 106. As a result, the remaining portions of the 
semiconductor material form the fin structures 108. 
As shown in FIG. 5, upper portions of the isolation features 

102 are removed such that the fin structures 108 protrude 
from the remaining portions of the isolation features 102, in 
accordance with some embodiments. An etching process may 
be used to partially remove the isolation features 102. 
As shown in FIG. 6, a gate stack 115 is formed over the fin 

structures 108 and the isolation features 102, in accordance 
with Some embodiments. In some embodiments, the gate 
stack 115 includes a gate dielectric layer 110, a gate electrode 
112, and a hard mask 114. In some embodiments, the gate 
stack 115 further includes spacer elements 116, as shown in 
FIG. 6. In some other embodiments, the spacer elements 116 
are not formed at this stage. In some other embodiments, the 
spacer elements 116 are not formed. 

In some embodiments, the gate dielectric layer 110 is made 
of silicon oxide, silicon nitride, silicon oxynitride, dielectric 
material with a high dielectric constant (high-K), another 
suitable dielectric material, or a combination thereof. 
Examples of high-K dielectric materials include hafnium 
oxide, Zirconium oxide, aluminum oxide, hafnium dioxide 
alumina alloy, hafnium silicon oxide, hafnium silicon oxyni 
tride, hafnium tantalum oxide, hafnium titanium oxide, 
hafnium Zirconium oxide, another Suitable high-K material, 
or a combination thereof. In some embodiments, the gate 
dielectric layer 110 is a dummy gate dielectric layer which 
will be removed in a Subsequent process. The dummy gate 
dielectric layer is, for example, a silicon oxide layer. 

In some embodiments, the gate electrode 112 includes 
polysilicon, a metal material, another Suitable conductive 
material, or a combination thereof. In some embodiments, the 
gate electrode 112 is a dummy gate electrode layer and will be 
replaced with another conductive material Such as a metal 
material. The dummy gate electrode layer is made of, for 
example, polysilicon. 
The hard mask 114 may be used to assist in the patterning 

process for forming the gate stack 115. In some embodi 
ments, the hard mask 114 is made of silicon oxide, silicon 
nitride, silicon oxynitride, silicon carbide, another Suitable 
material, or a combination thereof. In some embodiments, the 
hard mask 114 has a multi-layer structure. 

In some embodiments, a gate dielectric material, a gate 
electrode layer, and a hard mask layer are deposited over 
isolation features 102 and the fin structures 108. In some 
embodiments, the gate dielectric material, the gate electrode 
layer, and the hard mask layer are sequentially deposited by 
using Suitable deposition methods. The Suitable deposition 
methods may include a chemical vapor deposition (CVD) 
process, an atomic layer deposition (ALD) process, a thermal 
oxidation process, a physical vapor deposition (PVD) pro 
cess, another applicable process, or a combination thereof. 
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Afterwards, a photolithography process and an etching pro 
cess are performed to pattern the hard mask layer to be the 
hard mask 114. With the assistance of the hard mask 114, the 
gate electrode layer and the gate dielectric material are pat 
terned. As a result, the gate stack 115 is formed. 

The spacer elements 116 may be used to protect the gate 
electrode 112 and/or assist in the formation of source and 
drainstructures (or regions) in Subsequent processes. In some 
embodiments, the spacer elements 116 are made of silicon 
nitride, silicon oxynitride, silicon carbide, another Suitable 
material, or a combination thereof. In some embodiments, a 
spacer layer is deposited and partially removed using an 
anisotropic etching process. As a result, the remaining por 
tions of the spacer layer form the spacer elements 116. 
As shown in FIGS. 7A and 7B, the fin structures 108 are 

recessed to be lower than the isolation features 102, in accor 
dance with some embodiments. In some embodiments, an 
etching process is performed to remove upper portions of the 
fin structures 108. As a result, recesses 118 are formed above 
the fin structures 108, as shown in FIGS. 7A and 7B. In some 
embodiments, multiple etching operations are used so that the 
recesses 118 further extend laterally towards channel regions 
109 below the gate stack 115. 
As shown in FIGS. 8A and 8B, semiconductor layers 120 

are formed over the fin structure 108 in the recesses 118, in 
accordance with some embodiments. Afterwards, source? 
drain structures 122 are respectively formed over the semi 
conductor layers 120, as shown in FIGS. 8A and 8B in accor 
dance with some embodiments. The Source? drain structures 
122 may be used to provide stress or strain to the channel 
regions 109 under the gate stack 115. As a result, the carrier 
mobility of the device and device performance are improved. 

In some embodiments, a semiconductor material is epitaxi 
ally grown over the fin structures 108 to form the semicon 
ductor layers 120. Afterwards, another semiconductor mate 
rial (or two or more semiconductor materials) is epitaxially 
grown over the semiconductor layers 120, growing continu 
ally to above the recesses 118, to form the source/drainstruc 
tures 122. In some embodiments, the growth of the semicon 
ductor layers 120 and the source/drain structures 122 are 
performed continuously. In these cases, the semiconductor 
layers 120 are in direct contact with the source/drain struc 
tures 122, respectively. 

In some other embodiments, the source/drain structures 
122 are a p-type semiconductor material. For example, the 
Source/drain structures 122 may include epitaxially grown 
silicon germanium. The source/drain structures 122 are not 
limited to being a p-type semiconductor material. In some 
embodiments, the source/drain structures 122 are an n-type 
semiconductor material. The Source? drainstructures 122 may 
include epitaxially grown silicon, epitaxially grown silicon 
carbide (SiC), epitaxially grown silicon phosphide (SiP), or 
another Suitable epitaxially grown semiconductor material. 

In some embodiments, both the semiconductor layers 120 
and the source/drain structures 122 are formed by using a 
selective epitaxy growth (SEG) process, a CVD process (e.g., 
a vapor-phase epitaxy (VPE) process, a low pressure chemi 
cal vapor deposition (LPCVD) process, and/or an ultra-high 
vacuum CVD (UHV-CVD) process), a molecular beam epi 
taxy process, another applicable process, or a combination 
thereof. The formation process of the semiconductor layers 
120 and the source/drain structures 122 may use gaseous 
and/or liquid precursors. In some embodiments, both the 
semiconductor layers 120 and the source/drainstructures 122 
are grown in-situ in the same process chamber. In other 
words, the semiconductor layers 120 and the source/drain 
structures 122 are formed sequentially by using an in-situ 
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6 
epitaxial growth process. After the semiconductor layers 120 
are formed, the composition of the precursor for growing the 
semiconductor layers 120 is fine-tuned to grow continually 
until the source? drain structures 122 are formed. 

In some embodiments, the source? drain structures 122 are 
made of silicon germanium, and the semiconductor layers 
120 are also made of silicon germanium. Many variations and 
modifications can be made to embodiments of the disclosure. 
In some other embodiments, the source? drain structures 122 
are made of germanium, and the semiconductor layers 120 
are also made of germanium. In some other embodiments, the 
semiconductor layers 120 are made of germanium, and the 
Source/drain structures 122 are made of silicon germanium. 

However, it should be noted that the composition of the 
semiconductor layers 120 and of the source/drain structures 
122 are not completely the same. In some embodiments, the 
semiconductor layer 120 has an atomic concentration of ger 
manium greater than that of the Source? drain structures 122. 
In some embodiments, the atomic concentration of germa 
nium of the semiconductor layer 120 is greater than that of the 
source/drainstructure 122 by about 20%. The atomic concen 
tration of germanium of the semiconductor layer 120 may be 
in a range from about 20% to about 100%. The atomic con 
centration of germanium of the source/drain structure 122 
may be in a range from about 20% to about 80%. In these 
cases, the source/drain structure 122 may be a portion of a 
PMOS device. In some other embodiments, the atomic con 
centration of germanium of the Source/drain structure 122 is 
in a range from about 1% to about 20%. In these cases, the 
source/drain structure 122 is a portion of a NMOS device. In 
Some other embodiments, the source/drainstructure 122 con 
tains substantially no germanium. 

In some embodiments, the source? drain structures 122 are 
doped with one or more suitable dopants. For example, the 
source? drain structures 122 are SiGe source? drain features 
doped with boron (B) or another suitable dopant. Alterna 
tively, in some other embodiments, the source/drain struc 
tures 122 are Si source/drain features doped with phosphor 
(P), antimony (Sb), or another suitable dopant. 

In some embodiments, the source? drain structures 122 are 
doped in-situ during the growth of the Source/drain structures 
122. In some other embodiments, the source? drain structures 
122 are not doped during the growth of the source/drain 
structures 122. After the formation of the source? drain struc 
tures 122, the source/drain structures 122 are doped in a 
Subsequent process. In some embodiments, the doping is 
achieved by using an ion implantation process, a plasma 
immersion ion implantation process, a gas and/or Solid source 
diffusion process, another applicable process, or a combina 
tion thereof. In some embodiments, the source? drain struc 
tures 122 are further exposed to annealing processes to acti 
vate the dopants. For example, a rapid thermal annealing 
process is performed. 
Many variations and modifications can be made to embodi 

ments of the disclosure. For example, the spacer elements 116 
are not limited to being formed prior to the formation of the 
source? drain structure 122. In some other embodiments, the 
spacer elements 116 are formed after the formation of the 
source? drain structure 122. In some other embodiments, the 
spacer elements 116 are formed after the source/drain struc 
tures 122 are formed and before the source? drain structures 
122 are implanted and annealed. 
As shown in FIGS. 9A and 9B, the semiconductor layers 

120 are oxidized to form isolation layers 124, in accordance 
with some embodiments. The isolation layers 124 may pre 
vent current leakage between the source/drainstructures 122 
of neighboring FinFET devices or the same FinFET device. 



US 9,412,814 B2 
7 

Since the current leakage is reduced, the performance and 
reliability of the device are significantly improved. 

In some embodiments, the isolation layers 124 are in direct 
contact with the source/drain structures 122, respectively. In 
Some embodiments, the isolation layers 124 are in direct 
contact with the fin structures 108. In some embodiments, the 
isolation layer 124 is made of a semiconductor oxide mate 
rial. In some embodiments, the isolation layers 124 are made 
of silicon germanium oxide. In some other embodiments, the 
isolation layers 124 are made of germanium oxide if the 
semiconductor layers 120 are made of germanium. In some 
embodiments, the thickness of each of the isolation layers 124 
is in a range from about 0.2 nm to about 100 nm. 

In some embodiments, the semiconductor layers 120 are 
oxidized to form the isolation layers 124 using an annealing 
process. Studies show that the more germanium a silicon 
germanium layer contains, the easier the silicon germanium is 
oxidized. As mentioned above, the semiconductor layer 120 
has an atomic concentration of germanium that is greater than 
that of the source? drainstructures 122 in some embodiments. 
Therefore, by fine-tuning the annealing conditions, the semi 
conductor layers 120 can be oxidized into the isolation layers 
124 without or substantially without the oxidation of the 
source? drain structures 122. 

In some embodiments, the semiconductor layers 120 are 
annealed under an oxygen-containing atmosphere. In some 
other embodiments, the semiconductor layers 120 are 
annealed under an oxygen-free atmosphere. In some embodi 
ments, the semiconductor layers 120 are annealed at a tem 
perature ranging from about 800 degrees C. to about 1300 
degrees C. for about 1 second to about 10 seconds. In some 
other embodiments, the semiconductor layers 120 are 
annealed at a temperature ranging from about 800 degrees C. 
to 1200 degrees C. for about 30 seconds to about 1 minute. In 
some other embodiments, the semiconductor layers 120 are 
annealed at a temperature ranging from about 400 degrees C. 
to 1200 degrees C. for about 1 hour to about 2 hours. 
Many variations and modifications can be made to embodi 

ments of the disclosure. For example, the isolation layers 124 
are not limited to being formed using an annealing process. In 
some other embodiments, the semiconductor layers 120 are 
oxidized using an oxygen-containing plasma operation to 
form the isolation layers 124. The plasma operation may 
include an inductively coupled plasma (ICP) operation, a 
transformer coupled plasma (TCP) operation, another appli 
cable plasma operation, or a combination thereof. In some 
other embodiments, the semiconductor layers 120 are oxi 
dized using an electron cyclotron resonance (ECR) process, a 
reactive ion etch process with oxygen-containing reaction 
gas, a downstream striper process, another applicable pro 
cess, or a combination thereof. 

In some embodiments mentioned above, the isolation lay 
ers 124 are formed after the formation of the source? drain 
structures 122 by oxidizing semiconductor layers under the 
source? drain structures 122. However, embodiments of the 
disclosure are not limited thereto. Many variations and modi 
fications can be made to embodiments of the disclosure. For 
example, the isolation layers used for preventing leakage 
current may be formed before the formation of the source/ 
drain structures. 

Afterwards, various processes may be performed to finish 
the formation of the semiconductor device. The processes 
include, for example, hard mask removal process, interlayer 
dielectric layer deposition process, a gate replacement pro 
cess, a contact hole formation process, a metal silicidation 
process, another Suitable process, or a combination thereof. 
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8 
FIGS. 10A and 10B are perspective views of various stages 

of a process for forming a semiconductor device structure, in 
accordance with some embodiments. As shown in FIG. 10A, 
a structure similar to the structure shown in FIG. 7A is pro 
vided. Afterwards, isolation layers 224 are respectively 
formed over the fin structures 108, as shown in FIG. 10A in 
accordance with some embodiments. In some embodiments, 
a dielectric layer is deposited over the structure shown in FIG. 
7A. The dielectric layer may be deposited using a CVD pro 
cess, an ALD process, a thermal oxidation process, a spin-on 
process, another applicable process, or a combination 
thereof. Afterwards, an etching back process is performed to 
pattern the dielectric layer into the isolation layers 224. In 
some embodiments, the material of the isolation layers 224 
are substantially the same as that of the isolation layer 124. 
The thickness of each of the isolation layers 224 may be in a 
range from about 0.2 nm to about 100 nm. 
As shown in FIG. 10B, the source? drain structures 122 are 

respectively formed over the isolation layers 224, in accor 
dance with some embodiments. The material and formation 
method of the source? drain structures 122 have been 
described above and are not repeated here. Due to the isola 
tion layers 224, current leakage between the source/drain 
structures 122 are significantly reduced. Therefore, the prod 
uct yield and device performance are greatly improved. 
Many variations and modifications can be made to embodi 

ments of the disclosure. For example, the upper portions of 
the fin structures 104 may not be replaced with other fin 
structures. In some embodiments, the silicon fin structure is 
not replaced with a silicon germanium fin structure or a ger 
manium fin structure. FIG. 11A is a perspective view of a 
semiconductor device structure, in accordance with some 
embodiments. In some embodiments, a structure similar to 
the structure shown in FIG. 2 is provided. Afterwards, an 
etching process is performed to lower the isolation features 
102. As a result, the fin structures 104 protrude from the top 
surfaces of the isolation features. Afterwards, various pro 
cesses similar to those shown in FIGS. 6-9 are performed to 
form the structure shown in FIG. 11A. In some embodiments, 
each of the isolation layers 124 is in direct contact with the 
source? drain structure 122 and the fin structure 104 accord 
ingly. Due to the isolation layers 124, current leakage 
between the source/drain structures 122 is significantly 
reduced. Therefore, the product yield and device performance 
are greatly improved. 
Many variations and modifications can be made to embodi 

ments of the disclosure. FIG. 11B is a perspective view of a 
semiconductor device structure, in accordance with some 
embodiments. Before the source? drain structures 122 are 
formed over the semiconductor layers 120 (such as those 
shown in FIG. 8) or the isolation layers 224 (such as those 
shown in FIG. 10), semiconductor layers 125 are formed over 
the isolation layers 124 (or 224). The semiconductor layers 
125 may be used to assist in the growth of the source/drain 
structures 122. 

In some embodiments, the semiconductor layers 125 are 
made of silicon germanium. In some embodiments, each of 
the semiconductor layers 125 has an atomic concentration of 
germanium that is Smaller than that of the semiconductor 
layer 120 (see FIG. 8) or that of the source/drain structures 
122. In some embodiments, the formation method of the 
semiconductor layers 125 is similar to those of the semicon 
ductor layers 120 and the source/drainstructures 122. In some 
embodiments, the semiconductor layers 120, the semicon 
ductor layers 125, and the source/drain structures 122 are 
formed in-situ in the same process chamber. In some embodi 
ments, the composition of the reaction gases are fine-tuned at 
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different growth stages for growing the semiconductor layers 
120, the semiconductor layers 125, and the source/drain 
structures 122. In some embodiments, each of the semicon 
ductor layers 125 has a multilayer structure with multiple 
Sub-layers. In some embodiments, each of the Sub-layers has 
different atomic concentration of germanium. For example, 
the atomic concentration of germanium gradually increases 
along a direction towards the Source? drain structure 122. 

FIG. 11C is a perspective view of a semiconductor device 
structure, in accordance with some embodiments. In some 
embodiments, before the semiconductor layers 125 which 
can assist in the growth of the Source/drain structures are 
formed, semiconductor layers 123 are formed, as shown in 
FIG. 11C. In some embodiments, the semiconductor layers 
123 are made of silicon. In these cases, the isolation layers 
124 are in direct contact with the fin structures 104 and are not 
in direct contact with the source? drain structures 122. 

FIGS. 12A-12E are cross-sectional views of isolation lay 
ers of semiconductor device structures, in accordance with 
Some embodiments. Due to different processing conditions, 
the isolation layer 124 may have different profiles. In some 
embodiments, the top surface 124t, the bottom surface 124b, 
and the side surface 124s of the isolation layer 124 are sub 
stantially planar, as shown in FIG. 12A. 

In some embodiments, the top surface 124t and the bottom 
surface 124b are curved surfaces such as those shown in FIG. 
12B or FIG. 12C. In some embodiments, the top surface 124t 
curves towards the fin structure under the isolation layer 124. 
In some embodiments, the bottom surface 124b curves 
towards the source/drain structure above the isolation layer 
124. In some embodiments, the side surface 124s curves 
outwardly, as shown in FIG. 12C. In some embodiments, the 
isolation layer 124 has a “V-shaped profile', such as those 
shown in FIG. 12D or 12E. 

FIGS. 13 A-13B are cross-sectional views of various stages 
of a process for forming a semiconductor device structure, in 
accordance with some embodiments. As shown in FIG. 13A, 
a structure similar to the structure shown in FIG. 8B is pro 
vided. In some embodiments, semiconductor layers 120' 
similar to the semiconductor layers 120 are formed. Each of 
the semiconductor layers 120' further extends over sidewalls 
of the recesses (118, see, for example, FIG. 7B). In some 
embodiments, by tuning the growth conditions of the semi 
conductor layers 120', the semiconductor layers 120' are also 
grown on the sidewalls of the recesses (118, see, for example, 
FIG. 7B). 

Afterwards, the semiconductor layers 120' are oxidized to 
form the isolation layers 124', as shown in FIG. 13B in accor 
dance with some embodiments. Portions of the isolation lay 
ers 124' are also positioned on the sidewalls of the recesses. 
Therefore, leakage current between the source/drain struc 
tures 122 may be prevented further. In some embodiments, an 
etching process is performed to etch back the semiconductor 
layer 120". The semiconductor layers 120' are prevented from 
approaching the channel region 109 too much. After the oxi 
dization operation, the isolation layers 124' are thus prevented 
from blocking the channel region 109. The formation method 
of the isolation layers 124" may be similar to those for forming 
the isolation layers 124. 

FIGS. 14A-14Care cross-sectional views of various stages 
of a process for forming a semiconductor device structure, in 
accordance with some embodiments. In some embodiments, 
a structure similar to the structure shown in FIG. 3 is pro 
vided. Before the fin structures 108 are formed over the fin 
structures 104, semiconductor layers 302 are formed over the 
fin structures 104. Afterwards, the fin structures 108 are 
formed over the semiconductor layers 302. The gate stack 115 
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is then formed over the fin structures, similar to those shown 
in FIGS. 4-6. Afterwards, an etching process similar to that 
shown in FIG. 7 is performed. As a result, the structure shown 
in FIG. 14A is formed. 
As shown in FIG. 14B, similar to those shown in FIGS. 8A 

and 8B, the semiconductor layers 120 and the source/drain 
structures 122 are formed, in accordance with some embodi 
ments. Afterwards, similar to those shown in FIGS. 9A and 
9B, an annealing process or another applicable oxidation 
process is performed to oxidize the semiconductor layers 120 
and 302 into the isolation layers 124 and 304, as shown in 
FIG. 14C in accordance with some embodiments. The isola 
tion layer 304 may further enhance the blocking of the leak 
age current. In some other embodiments, the semiconductor 
layers 120 and the isolation layers 124 are not formed. In 
these cases, the isolation layer 304 between the source/drain 
structures 122 and the semiconductor substrate 100 are used 
to prevent the leakage current. 
Many variations and modifications can be made to embodi 

ments of the disclosure. FIGS. 15A-15C are cross-sectional 
views of various stages of a process for forming a semicon 
ductor device structure, in accordance with some embodi 
ments. As shown in FIG. 15A, a structure similar to the 
structure shown in FIG. 14A is provided. Different from the 
recesses 118, the recesses 118 further penetrate through the 
semiconductor layer 302 and extend into the fin structures 
104, as shown in FIG. 15A. An etching process similar to that 
described in FIG. 7A or 7B is used to form the recesses 118'. 
The etching conditions are fine-tuned to form the recesses 
118' extending into the fin structures 104. 

Afterwards, as shown in FIG. 15B, similar to the embodi 
ments shown in FIG. 14B, the semiconductor layers 120 and 
the Source/drain structures 122 are formed, in accordance 
with some embodiments. In some embodiments, portions of 
the source? drain structures 122 extend into the fin structure 
104 below the isolation layer 304, as shown in FIG. 15C. 
Afterwards, similar to the embodiments shown in FIG. 14C, 
an annealing process or another applicable oxidation process 
is performed to oxidize the semiconductor layers 120 and 302 
into the isolation layers 124 and 304, as shown in FIG. 15C in 
accordance with some embodiments. The isolation layer 304 
may further enhance the blocking of the leakage current. In 
some other embodiments, the semiconductor layers 120 and 
the isolation layers 124 are not formed. In these cases, the 
isolation layer 304 between the source/drain structures 122 
and the semiconductor substrate 100 are used to prevent the 
leakage current. 
Many variations and modifications can be made to embodi 

ments of the disclosure. FIG.16 is a cross-sectional view of a 
semiconductor device structure, in accordance with some 
embodiments. FIG.16 shows a structure that is similar to that 
shown in FIG. 15C. In some embodiments, similar to the 
embodiments shown in FIG. 13A, the semiconductor layer 
120 further extends over a portion of the sidewalls of the 
recesses 118'. Therefore, after the oxidation process, the 
semiconductor layer 120 is turned into the isolation layers 
124', as shown in FIG. 16 in accordance with some embodi 
ments. As shown in FIG. 16, each of the isolation layers 124; 
further extends over portions of the sidewalls of the recesses. 
The isolation may therefore be improved. 

Embodiments of the disclosure form an isolation layer 
between a source? drainstructure and a fin structure under the 
Source/drain structure. A semiconductor layer is formed over 
the fin structure, and the source? drainstructure is then formed 
over the semiconductor layer. An oxidation operation Such as 
an annealing process is performed to oxidize the semiconduc 
tor layer to be the isolation layer. Alternatively, the isolation 
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layer is formed over the fin structure before the formation of 
the source/drain structure. The isolation layer prevents cur 
rent leakage between the source/drain structures of neighbor 
ing FinFET devices or the same FinFET device. As a result, 
the performance and reliability of the device are significantly 
improved. 

In accordance with some embodiments, a semiconductor 
device structure is provided. The semiconductor device struc 
ture includes a semiconductor Substrate and a fin structure 
over the semiconductor substrate. The semiconductor device 
structure also includes a gate stack covering a portion of the 
fin structure and a source? drainstructure over the fin structure 
and adjacent to the gate stack. The semiconductor device 
structure further includes an isolation layer between the 
Source/drain structure and the semiconductor Substrate. 

In accordance with some embodiments, a semiconductor 
device structure is provided. The semiconductor device struc 
ture includes a semiconductor Substrate and a fin structure 
over the semiconductor substrate. The semiconductor device 
structure also includes a germanium-containing fin structure 
over the fin structure and a gate stack coveringaportion of the 
germanium-containing fin structure. The semiconductor 
device structure further includes a source? drainstructure over 
the germanium-containing fin structure and adjacent to the 
gate Stack. In addition, the semiconductor device structure 
includes an isolation layer between the Source? drainstructure 
and the semiconductor Substrate. 

In accordance with some embodiments, a method for form 
ing a semiconductor device structure is provided. The method 
includes forming a fin structure over a semiconductor Sub 
strate and forming a gate stack to cover a portion of the fin 
structure. The method also includes forming a source/drain 
structure over the fin structure and adjacent to the gate stack. 
The method further includes forming an isolation layer 
between the source? drain structure and the semiconductor 
substrate. 
The foregoing outlines features of several embodiments so 

that those skilled in the art may better understand the aspects 
of the present disclosure. Those skilled in the art should 
appreciate that they may readily use the present disclosure as 
a basis for designing or modifying other processes and struc 
tures for carrying out the same purposes and/or achieving the 
same advantages of the embodiments introduced herein. 
Those skilled in the art should also realize that such equiva 
lent constructions do not depart from the spirit and scope of 
the present disclosure, and that they may make various 
changes, Substitutions, and alterations herein without depart 
ing from the spirit and scope of the present disclosure. 

What is claimed is: 
1. A semiconductor device structure, comprising: 
a semiconductor Substrate; 
a fin structure over the semiconductor Substrate; 
a gate stack covering a portion of the fin structure; 
a source? drain structure over the fin structure and adjacent 

to the gate stack; and 
an isolation layer between the source/drain structure and 

the semiconductor substrate, wherein the isolation layer 
is directly under the source/drain structure. 

2. The semiconductor device structure as claimed in claim 
1, wherein the isolation layer is between the source/drain 
structure and the fin structure. 

3. The semiconductor device structure as claimed in claim 
1, wherein the isolation layer is in direct contact with the 
Source/drain structure. 
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4. The semiconductor device structure as claimed in claim 

1, wherein the isolation layer is in direct contact with the fin 
Structure. 

5. The semiconductor device structure as claimed in claim 
1, wherein the isolation layer is made of silicon germanium 
oxide. 

6. The semiconductor device structure as claimed in claim 
1, further comprising a semiconductor material layer between 
the isolation layer and the Source/drain structure. 

7. The semiconductor device structure as claimed in claim 
6, wherein the source/drain structure has an atomic concen 
tration of germanium greater than that of the semiconductor 
material layer. 

8. The semiconductor device structure as claimed in claim 
1, wherein the isolation layer has a bottom surface curved 
towards the Source/drain structure. 

9. The semiconductor device structure as claimed in claim 
1, further comprising a second fin structure between the fin 
structure and the semiconductor Substrate, wherein materials 
of the fin structure and the second fin structure are different 
from each other. 

10. The semiconductor devicestructure as claimed in claim 
9, further comprising a second isolation layer between the fin 
structure and the second fin structure, wherein the second 
isolation layer is in direct contact with the second fin structure 
and the first fin structure. 

11. The semiconductor device structure as claimed in claim 
1, wherein the isolation layer has a V-shaped profile. 

12. The semiconductor device structure as claimed in claim 
1, wherein the isolation layer has a top surface curved towards 
the fin structure under the isolation layer. 

13. The semiconductor devicestructure as claimed in claim 
1, further comprising a recess formed above the fin structure, 
wherein a portion of the isolation layer is disposed on a 
sidewall of the recess. 

14. A semiconductor device structure, comprising: 
a semiconductor Substrate; 
a fin structure over the semiconductor Substrate; 
a germanium-containing fin structure over the fin structure; 
a gate stack covering a portion of the germanium-contain 

ing fin structure; 
a source/drainstructure over the germanium-containingfin 

structure and adjacent to the gate stack; and 
an isolation layer between the source/drain structure and 

the semiconductor substrate, wherein the isolation layer 
is directly under the source/drain structure. 

15. The semiconductor devicestructure as claimed in claim 
14, wherein the isolation layer is between the source/drain 
structure and the germanium-containing fin structure. 

16. The semiconductor devicestructure as claimed in claim 
15, further comprising a second isolation layer between the 
fin structure and the germanium-containing fin structure. 

17. The semiconductor devicestructure as claimed in claim 
14, wherein the isolation layer is between the fin structure and 
the germanium-containing fin structure. 

18. The semiconductor devicestructure as claimed in claim 
14, wherein a portion of the source/drain structure extends 
into the fin structure. 

19. The semiconductor devicestructure as claimed in claim 
14, further comprising a semiconductor material layer 
between the isolation layer and the source/drain structure. 

20. The semiconductor devicestructure as claimed in claim 
19, wherein the Source/drain structure has an atomic concen 
tration of germanium greater than that of the semiconductor 
material layer. 


